Niphargus transitivus group includes 12 groundwaterdwellingspecies. It is defined by an upright body position during locomotion,a small, stout body with short appendages, except for long coxae and dactyli, coxae V-VI equilobate or posterolobate, accessory flagellum subject to reduction, and the body endowed with adaptations for volvation ( = ability to enroll into a ball).
The biogeography of this southeastern European group of species is discussed and a cladistic analysis of the group is presented. Some cases of parallel character evolution in groundwater amphipods are mentioned. The inference of biogeographic and phylogenetic information in elucidating the evolutionary history of the group is hampered by inconsistency of the data.
One of the hypotheses about the evolutionary history of the group is thought to be the most parsimonious. 
Introduction
Altogether 12 nominal species are now considered as the N. transitivus group, and we decided to treat the systematics, phylogeny, and biogeography of this group of Niphargus species more properly as a whole.
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The Niphargus transitivus group was introduced by Sket (1971) Sket, 1962 . The latter genus was erected for K. pupetta Sket, 1962 , a species which did not fit within the Niphargus diversity spectrum at the time. At present Karamaniella is considered synonymous with Niphargus, and K. pupetta has been incorporated into the N. transitivus group (cf. Sket, 1972: 106, 111; Karaman, 1975) . For the related but morphologically very distinct K. paradoxa (Sket, 1964) the genus Carinurella Sket, 1971, has been established.
Since establishment of the N. transitivus group, several additional taxa have been described by Dancàu (1971) , Karaman (1972 Karaman ( , 1984a Karaman ( , 1989 , and Karaman & Sket (1991) . Moreover, after reanalysis of the previously known but insufficiently described N. kochianus longidactylus Ruffo, 1937, it appeared to belong to the N. transitivus group as well (cf. Sket, 1971 ; Karaman, 1981 Karaman, 1989;  only two specimens (!) found in a small cave lake near Pljevlja (cave of Sljivanski potok near Djurdjevica Tara), northern Montenegro (Karaman, 1989) .
• N. asper G. Karaman, 1972 ; only one specimen (!) found in a well near Podgorica (= Titograd), Montenegro (Karaman, 1972 Sket, 1971 ; only two specimens (!)
found in interstitialwaters of the Gacko polje (at Licko Lesee) in Lika, southwest Croatia (Sket, 1971 Sket, 1991) . N. brevirostris and N. numerus also show many similarities pointing to their possible conspecifity.
• N. pectinicauda Sket, 1971 ; inhabitant of interstitial waters of the Sava River between Bohinj and Ljubljana, northwest Slovenia (Sket, 1971; Sket & Velkovrh, 1981) .
• N. rostratus Sket, 1971 ; found in small lakes of a cave near Cetina River (Dragica pecina at Maljkovo), central Dalmacija, Croatia (Sket, 1971 (Ruffo, 1937; D'Ancona, 1942a & b; Benedetti, 1942; 1981; Sket & Velkovrh, 1981) .
• N. transitivus transitivus Sket, 1971;  found directly in interstitial waters and in wells along Piave and Torre in northeast Italy, occasionally also in caves at the karst margins in the same area (Sket, 1971; Karaman, 1975 Karaman, , 1984a Karaman, , 1985 .
• N. transitivus dissonus G . Karaman, 1984; found in wells in the Bergamo region, northern Italy (Karaman, 1984a (Karaman, , 1985 . Sket (1971) (Sket, 1962 (Sket, ,1972 Karaman, 1975 Karaman, , 1984a .
• N. pupetta parapupetta G. Karaman, 1984 (syn.: N. parapupetta in Karaman, 1984a, and Karamaniella pupetta in Dancâu, 1972) (Sket, 1964 (Sket, , 1971 (Sket, , 1972 .
Although attributed to a separate genus, this species has drawn much concern. The acceptability of making the genus (Niphargus) paraphyletic has been discussed elsewhere (Sket, 1990) .
In conclusion, the representatives of the N. transiti- suggest this is of secondary appearance, and therefore an autapomorphy.
Antenna I: The basal article of antenna I tends to extend dorsodistally forming a "visor". Such a visor seems to be lacking in some taxa (e.g., N. pectinicauda, N. asper), while only slightly marked in others (e.g., N. alutensis, N. rostratus), and extremely developed in N. pupetta and C. paradoxa.
In certain populations of N. transitivus (from the Piave River; cf. Sket, 1971; Karaman, 1985) , the antenna I is highly variable. The antenna I also tends to shorten its flagellum, resulting in a reduced number of articles.
All niphargid amphipods exhibit a reduced accessory flagellum, generally with two articles. The distal article may be very short in several species, such as in N. carcerarius and particularly in N. pectinicauda, N. longidactylus, and in J N. asper. In brevirostris, it is shorter than the diameter of the proximal article. In N. factor, it is present or missing. In.N. rostratus, N. transitivus, and TV. pupetta, the accessory flagellum seems to be always uniarticulate and sometimes very short.
Antenna II\ N. rostra tus and N. brevirostris seem to be an exception among niphargids, having aesthetascs on both antennae I and II.
Mandibular palp : Article 3 is longer than article 2 in most niphargids. In this group, it tends to become shorter with reduced setation. This is not found in N. rostratus, N. pectinicauda, and N. carcerarius.
Maxilla I: The number of setae on the inner lobe of maxilla I is variable in niphargids. Most members of the group studied exhibit a low number of setae, with exception of N. carcerarius which has more than five setae.
The denticulationof spines on the outer lobe of maxilla I seems to be a quite variable character, perhaps enabling even populations (subspecies) of some species to adapt themselves to particular feeding conditions. In the analyzed group usually none or only the innermost spine is comb-like, but in some taxa (N. longidactylus, C. paradoxa) there may be three or more such spines. In some species, the length of article 5 increased in relation to article 6 and may become even remarkably longer than article 6. The originally higher number of setae on the dactyli ( = article 5) is in this group (and in many other small species) Niphargus it is correlated with so many other peculiarities (see below), that it evidently has been achieved secondarily. The next step in the same direction has obviously been an "inversion" of the pereiopod V, or/and VI, carried out by the development of a distal lobe on the anterior side of their bases. In this context, we may also explain the convexity of the anterior margin and straightening of the posterior one.
The above-mentioned morphological modifications enable some taxa to roll into a more or less irregular ball. This volvation is in fact occasionally recorded in N. alutensis (cf. Dancâu, 1972) . Volva 
2.
Rostrum:
(0): indistinct or very small; (1) longer than 50°7o of lateral head lobe.
3.
Epimeron III, angle:
(0) right; (1) acute.
In the construction of the cladogram it has been supposed that the seemingly plesiomorphous state in Carinurella i has been achieved secondarily; this supposition is supported by an extensive remodeling of the entire abdominal part in this species.
4.
Epimera:
(0) normal; (1) extended in ventrocaudal direction. For Carinurella as in "3".
5.
Spines of ventral margins of epimeron III:
(0) 2-3 spines; (1) 0-1 spine.
6.
Urosome:
(0) normal; (1) greatly modified.
7.

Spinulation of telson:
(0) dorsal spines lacking;
(1) dorsal spines present.
8.
Pennate setae on telson:
(0) in or near the middle of the telson length; (1) apically or subapically.
9.
Antenna I, basal article:
(0) without or with small "visor"; (1) visor longer than diameter of article, or variable.
10.
Antenna I, number of flagellar articles: (0) 9 or more; (1) 8 or less.
11.
Antenna I, accessory flagellum:
(0) regularly with 2 articles; (1) 1 article or variable.
12.
Antenna II, aesthetascs: (0) absent; (1) present.
13.
Mandibular palp article 3:
(0) length > article 2; (1) length < article 2.
14.
Maxilla I, inner lobe:
(0) 1-3 apical setae; (1) 5 or more apical setae.
15.
Maxilla 1, outer lobe:
(0) none or only innermost spine comblike; (1) 3 or more comblike spines.
16.
Coxae II-III:
(0) twice as long as wide; (1) more than twice as long as wide.
17.
Coxa IV:
(0) distoposterior lobe large; (1) coxa only slightly wider in its distal part or parallel-sided.
18.
Gnathopods, article 6:
(0) subrectangular, with subparallel anterior and posterior margins; (1) margins converge proximally, giving the article a triangular shape.
19.
Gnathopod II, article 5:
(0) up to 110% of length of article 6; (1) longer.
20.
Gnathopods, dactyli:
(0) more than 5 outer setae; (1) 1-3 outer setae.
21.
Gnathopod II, palmar margin:
(0) makes with anterior margin of article an acute or right angle; (1 ) mentioned angle obtuse by bulging of the central or posterior (= angular) part of palma in distal direction.
22.
Coxa V:
(0) equilobate; (1) posterolobate.
23.
Pereiopod V, article 2:
(0) without an anterodistal lobe; (1) with anterodistal lobe.
24.
(0) posterior margin convex; (1) posterior margin straight. (0) posterior margin convex; (1) posterior margin straight.
26.
Pereiopod V-VII, article 4: (0) narrow; (1) with a posterior lobe, making its width equal to or larger than Vj of the length.
27.
Pereiopods VII, relation between lengths of articles 2 and 4 + 5 + 6:
(0)art. 2 < (art. 4 + 5 + 6); (1) art. 2 > (art. 4 + 5 + 6).
28.
Pereiopods V-VII, dactyli:
(0) nail shorter than socle; (1) nail equal to or longer than socle.
29.
(0) with inner spine or spine-like seta; (1) with tender seta.
30.
Pereiopod VII, dactylus:
(0) article 7 shorter than 'A of article 6; (1) it is longer.
31.
Uropod I, endopodite:
(0) with 5 or less spines along its upper side; (1) with 6 or more of such spines.
32.
Uropod III, proximal article of exopodite:
(0) number of lateral spine groups on one side more than 3; (1) number of such groups is 3 or less. Karaman, 1984b) . In N. steueri liburnicus G. Karaman & Sket, 1989 , the anterodistal lobe is developed on all posterior pereiopods (V-VII) and uropod III is shorter than in any other known population of the species (Karaman & Sket, 1989 ). This variable species of the centimetre category will be the most suitable subject for experimentation, which could the discussion in the above sections, a set of characters was chosen and we tried to define their most representative and exactly measurable states. The selected characters are given in Table I and their distribution over the species in Table II. 2.3.2. Numerical cladistic analysis.
-
The data matrix of the N. transitivus group (Table II) Compatibility analysis of the data shows a high (lb, 2, 3, 4, 5, 9, 12, 18, 19, 22, 25, 30) To facilitate discussion, the third subset is considered the N. transitivus group s. str.
Parsimony analysis of all data leads to a large number ( + 100) of equally parsimonious cladistic solutions. The consistency indices of the cladograms constructed with the Wagner method is 0.45, and 0.40 when the Camin-Sokal method is chosen.
The different solutions show little agreement in the monophyletic groups they support.
To arrive at a more consistent picture, the characters not present in any of the ten largest cliques, Fig. 1A .
There are some arguments in favour of giving the characters 4, 5, 10, 24, 27, and 28, a greater importance in the phylogeny reconstruction. Therefore all numerical analyses performed have been executed with both weighed and unweighed characters.
However, a weighing procedure has not resulted in a different class of cladistic solutions. The whole argument in favour of a greater weight for certain characters has therefore not been treated in more detail.
A secondary analysis of the N. transitivus group s.
str. has been executed with parsimony methods.
The ancestral character states of this group have been estimated using outgroups (other species of the N. transitivus group s.l.) and parsimony, applying rules given by Maddison et al. (1984) . The Wagner analysis reveals two cladograms (consensus tree in Fig. IB ) and the Camin-Sokal analysis a single one (Fig. 1C) It is evident (Fig. 2) According to the distribution of the group (Fig.   3 ) in the territory between the ancient Tethys and Paratethys, it is most probable that it originated before the karst development during the Pliocene. It is, however, possible that either (1) the epigean ancestor dispersed through freshwater connections of the northern Aegeis, or (2) it invaded the territory polytopically, by isolated confluents of the Paratethys, also where speciation started, or (3) the group was formed by step by step penetration and speciation from a "centre of origin" in the southeast towards the northwest (in the sense of the "progression rule"). Increasing apomorphy indices in northwestern direction seems at first glance to be an argument in favour of the third option. Fig. 3) , circumscribing ranges of the monophyletic nonkarstic part of this group, seems to be congruent with distribution ranges of some other aggregates within the genus Niphargus as well as with other interstitial Crustacea (e.g. a part of the N. jovanovici aggregate, cf. Sket, 1972; see Sket, in prep ., for discussion).
Summary and conclusions
In the area between northeastern Italy, through the (Arnold, 1981) . This may be a reflection of a very similar gene pool shared by the species, so that true parallelisms are likely to occur; the simplicity of the available characters, which renders homoplasies difficult to detect and character polarity less easily to ascertain; the shortage of available characters, with the consequence that errors made in the recognition of synapomorphies have a proportionally large influence on the final result; and the fact that polymorphism frequently increases errors made in selection of appropriate characters.
(2) Development of cave-dependent structural reductions and troglomorphisms may easily evolve independently, and this phenomenon can in turn result in character incompatibility.
(3) Underlying peripatric mechanisms of speciation can result in polychotomous patterns of descent as evidenced by synapomorphies (Notenboom, 1991) .
(4) There are no reasons to assume that the most parsimonious cladogram or the largest clique represent the best estimate of phylogenetic relationships. Thus, the inference of phylogenetic and biogeographic patterns with the aim to elucidate the evolutionary history of the N. transitivus group
